It has been reported that systemic injection of arginine vasopressin (AVP) induces a drop in body core temperature (T c ), but little is known about the mechanisms involved. Since glutamate is an important excitatory neurotransmitter involved in a number of thermoregulatory actions, in the present study, we tested the hypothesis that glutamate plays a role in systemic AVP -induced hypothermia.
INTRODUCTION
It is well known that the peptide arginine vasopressin (AVP) plays an important role in the regulation of arterial blood pressure (7, 34) and osmolarity (7).
More recently, it has been shown that AVP plays an important role in thermoregulation, being one of the main endogenous antipyretic molecules in the CNS (5). Moreover, intravenous (i.v.) AVP administration produces an immediate fall in body core temperature (T c ) in rats (15, 23) . Few studies have assessed the mechanism by which AVP evokes the drop in T c when it is administered peripherally. Shido et al (31) attributed this effect to the baroreflexive suppression of nonshivering termogenesis, i.e., a reduction of interscapular brown adipose tissue (BAT) thermogenesis, however heat loss through the tail was not assessed. The modulation of BAT thermogenesis had already been reported for other vasopressor substances like norepinephrine, phenylephrine (12, 30) and angiotensin II (10) , indicating that the effect of AVP, at least the hypothermic one, may not be selective.
In the present study we have chosen AVP as an experimental model to induce hypothermia because a number of previous studies used AVP (15, 23, 31, 33) allowing one to easily reconcile the available data. Furthermore catecholamines, per se, have thermoregulatory function since they can directly induce BAT thermogenesis (11) .
To our knowledge, only one study by our group (33) has assessed the central mechanism involved in AVP -induced hypothermia, showing that the neuromodulator nitric oxide plays an important role in AVP -induced hypothermia. L-glutamate is another key excitatory neurotransmitter that has been shown to participate in thermoregulation (3, 13) and baroreflex function (4). Glutamate receptors are divided into two major classes, ionotropic glutamate receptors and metabotropic glutamate receptors. Ionotropic glutamate receptors are ligand-gated ion channels. They can be classified into three types named for their most selective agonists, N-methyl-D-aspartic acid (NMDA), kainic acid and DL-α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA). All of these ionotropic glutamate receptor types are antagonized by kynurenic acid (2) . In contrast to the ionotropic glutamate receptors, the metabotropic glutamate receptors are G proteincoupled receptors that modulate second messenger systems. The metabotropic glutamate receptors can be antagonized by α-methyl-4-carboxyphenylglycine (MCPG) (6). 8 was determined as the average of the last five T c measurements made at 2 min intervals.
BAT temperature (T BAT ) measurements
T BAT was measured by biotelemetry at 2 min intervals, and plotted at 4 min intervals over a period of 30 minutes before and 90 minutes after the treatments.
Rats were left undisturbed for at least 24 hours before the experiment. Before each treatment, initial T BAT (T BATi ) was determined as the average of the last five T BAT measurements made at 2 min interval.
Heat Loss Index (HLI)
To evaluate HLI through the tail skin, the tail skin temperature (T skin ) was measured with a thermistor (type YSI 402, Cole Parmer Instrument CO, USA) attached to the ventral surface of the tail at the border of its proximal and middle thirds. The measurements were made every 4 min simultaneously with T c recordings by biotelemetry. T skin values were then compared with ambient temperature (T amb ) and T c and were expressed as HLI according to the formula:
The HLI may range from 0 to 1, indicating maximal heat conservation (due to skin vasoconstriction, HLI=0) or maximal heat loss (due to skin vasodilatation, HLI=1; 27).
Blood pressure and heart rate measurements BP was measured by means of the arterial catheter with a pressure transducer for a period of 15 minutes before and 90 minutes after the treatments. Data were acquired and fed to an IBM computer using the Poly View software. HR was determined by counting pressure pulses.
Experimental protocols
A 705-LT, 10-µl Hamilton syringe and a dental injection needle (200 µm OD; Mizzy) were used for intracerebroventricular (i.c.v.) injections. Injection was performed over a period of 1 min, and 1 min was allowed to elapse before the injection needle was removed from the guide cannula to avoid reflux. To determine the effect of kynurenic acid and AVP on BAT thermogenesis, T BAT was measured in animals injected intracerebroventricularly with kynurenic acid or saline followed by an i.v. injection of AVP or saline.
In order to determine the effect of kynurenic acid and AVP on HLI, rats received an i.c.v. injection of kynurenic acid or saline followed by an i.v. injection of AVP or saline and the T skin was measured concomitantly with T c . The HLI was then calculated.
Statistical analysis
All values in this study are reported as means ± SEM. The values of T c and T BAT are the changes from the basal values. Data were analysed statistically by twoway analysis of variance (ANOVA) followed by the Student t -test to assess differences between groups. Values of p<0.05 were considered to be significantly different. In the rat, approximately 20% of total body heat-loss occurs by sympathetically mediated increases in blood flow through an elaborate system of arteriovenous anastomoses in the skin of its tail (32, 38). It is important to note that the skin is known to be innervated by two distinct branches of the sympathetic nervous system: an adrenergic vasoconstrictor system that contributes to resting cutaneous vascular tone and a cholinergic vasodilator system featuring an unknown neurotransmitter coreleased with acetylcholine (17). In this study we showed that kynurenic acid abolished AVP -induced hypothermia by reducing heat loss through the tail (Fig. 5) . It is interesting to note that AVP evokes a drop in T c by a coordinated process which includes not only a reduction in T BAT but also an increase in heat loss through the tail. Interestingly, kynurenic acid abolished HLI but not T BAT responses to AVP, suggesting that different structures may be involved in the control of thermogenesis and heat loss. Accordingly, it has been well established that effector mechanisms responsible for the control of T c are dissociated. The specific nuclei in the CNS involved in the action of L-glutamate on peripheral AVPinduced hypothermia in rats are not known, and will require further research. The preoptic area of the hypothalamus is an important thermosensitive site (14) . Efferent pathways from the preoptic region descend to different regions involved in the control of skin blood flow and thus implicated in the control of T c . In rats, the raphe nuclei seem to be crucial structures to the control of skin vasomotion and thus to the control of T c (see 21). Interestingly, L-glutamate injection into the raphe activated tail sympathetic nerve (25).
RESULTS

In
Internal Tc results from a steady-state determined by the heat production (shivering and non-shivering thermogenesis) and heat loss (evaporative and nonevaporative heat loss) balance (27). Even though kynurenic acid completely blocked the AVP -induced hypothermia it had no effect on AVP -induced decrease of T BAT .
Thus, we speculate that some unknown compensatory mechanism may exist.
The metabotropic glutamate receptors have been assigned to three distinct groups (26). Group I consists of metabotropic glutamate receptors subtypes 1 and 5.
The second group comprises subtypes 2 and 3. Group III members consist of Values are reported as means ± SEM. *p<0.05 vs saline + AVP treated group. 
